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1.    S1J'«IMAiiY 

The preliminary estimated perfomance dnta characteristics  are presantad for 

a rotorcraft of advanced design that fuli'ills  or e.rceeds  the specified require- 

iMnts for an assault helicopter.    This helicopter,  designated the i.iodel 7S,   is 

propelled by a  rotor for take-off,  hoverin,:,   and slow translational flight,   and 

by propellers for cruise and hi^h-speed flight.    For  rotor-propelled  flight,   a 

pressure-jet rotor  system and conventional nelicopter controls are utilized.    For 

high-speed flight,   the major portion of the  aircraft wei-.ht  is  su^   ortnd    y a 

small fixed-winn surface \vith  the  lightly  loaded   rotor in  low-; itci    tr.torotntion. 

Two gas turbine-driven propellers  and conventional airplane controls  provide pro- 

pulsion and control. 

The vertical and hii.;h-speed flight characteristics  and hi^h payload of 

Model 78 are  readily adapted to an assault mission.    At the maximum level flight 

speed of 240 knots  and an 8135-pound pa-load  (36 troops),  thirty-three troops  per 

hour per aircraft Can be transported  to an airtv;ad,  as  compared to  the  9.7 troops 

p«r hour per aircraft  just meeting the  assault  specifications.     Therefore,   on the 

first «aw,  the Model 78  is capable of pßrforminr the -werk of 1.8 aircraft which 

jutt meet the assault specification,  or on a shuttle basis,  is the equivalent of 

8*4 sueh aircraft. 

All performance estimates are b'<,3ad upon proven methods  of analysis devalopod 

by tha NiCA,  or upon wind tunnel nodel test data obtained in a twenty-month re- 

aaaroh program under contract to the  Office of Msval Kosearch.    Much of t^ese test 

data have shown substantial ap.raemont with data from previous t ;st programs of 

tha NACA and with   .'cDonnell theoretical  analyses. 
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2.     ItTrKuDW'JTIOl. 

The  ;'o..on::ol]   Aircr-ift   Cori-nr.-i t,: on  ^res-r-.'-ty   :9rT-'::t:    ti.-e   /r-.-lrn. iviry   ■■•:r-o- 

djniar-.ic  porr^rmanco  6üti..."l. » for  ■•   ro;.o"C   ■■■i\ ■■:' udv;u:cat!  d'sl::.     This    ■ircr'i't# 

ciosi'-üv'^d   i:i o  ..iodol   73,   h.<'J   t..G  cr:.,.^  .:, •"   J     :'  -?    ■iir^l-;-■•■•,   U-^   liftl--    ■■1a2it- 

of  n   Jot  rutrn- :.:id  ti.o hoilli-y   Co  1; nd eit^ei'  troops  or  c: r.jo  at 'in;;   s-,]   c;.jd 

pci..l .      'i o  di^l.M  principle   in  b^ed   U;:-J?;  t;.e  ri;.di:i-   L];at liili,. ;   r-t-r';,   •   ^: 

net  recjuxreu  to doli v^r  t- e 

mu".   (idvance ;»;.  ■"':'.!' lii.-'n 

e?'.t.iro   jli'ti::     ;r pre.   ilaivo force  of tf.o  uircran, 

.■red:--   t i ■_■  '.erotofore conaidsred o-ossiblc.    Ihis  i-rin- 

ciplo cas ueei: oonfimisd us ri rcji;!'. i' twenty months of research cendaoted inder 

contract to the Of;ioc f >;v 1 . esorcl;. ■ otor lii't, dra , blade motions, elude 

atresjes, win intc-f.,-" ■-c , aircraft ctt.uilitr/, a:.d Muny ott-er dotnils ; uve nee?: 

ar.alyzad and testeu  tr.rou  h  a   -.'id',  ran a  of vari"il  3. 

The   /lodel  78  i ,  oi-;. or; e.-j  n   .•;1 .  1c  li.^tin-  rotor with  urcss-jr.-J  t drive, 

a relatively small fired wir. ■   '.       nloud   the rotor  at hxuh speeuj,   n   conventional 

empennage for aircrai't stnbilJt',    ■  twin-en.'.i.-ie ins t-llution drivie     v'sr ■> ,■■:.'le- 

pitch propellers  and  t-o  an   1     low compre,-;;., rs   for  rotor propulsic-.,   and   side- 

by-side  C'-ii'tin; for pilot v.nd  copilot.     ,'r ,   t.vi .-su  i;_  d^^i u  u-si-■   available 

gas  turbines   '-.nd  comprasson   (Allia r   ■.'.•\   v.\    ostin r. -'o ■■  l.'-X:)   rripeeti/•.!;/) 

offerc reliability and rrcvtlv  i.-proved performance over that of covvevtion.'il 

helicoptors.    Si.-ico   biie rotor  a torotrtos   i"  forward  flight --rd  r ■! or _. ov,'(.r is  re- 

quired  only for shor.  poriodj   of  ficverin~   und  acotjleretion,   it. i3  .■ossib]e   to   ;3e 

a jot drive väthont appreciable  .'.•i-lty  froi    its   rolatively hi  t.  ,''.  1   con.sumpti n. 

Of t/ie jot  rotor drives  u* .il. I.IJ,  ti.o  pros jure--jot rotor is  tie r;;03'.  suitable 

because of  its  lower fuel cc:.su;npti-T,,  easier stftrtin; and  \\\ \. pow? r,   xto  l.i ii 

J   I 
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iirtiu    capacity arid   its   utility to ■.'   i.L'll   ..hi;  ;.ut   rou  li .. ■ i  roqair^aanta  at 

h i _ h  !' ü rv; . r i   3 ], ou d 3 . 

For  i.^vori'ir   ur.c5   slow ror.vcr     .1.     -,   t.'.o   circrtu't   is   .'lovm by  rotor  ^ropul- 

;..   ..ov.   i s Ion 'ili 1 irii'i:; tim ^reacur- 

sora arid conventional sinl« rotor c-o: 

iiicii Y ri; tiv,n und tr-''.nsv r.^ co.-Li-o' 

fil l.l,   iii wi-ioh  the i.iajor   , urtivti  ji   t. 

t.-r:;   ierive^   froii   t. irbi:.e-driv^a  co:.-,]. i'os- 

i   (^ ■.■•.,   v9r: ic •!  cor:trol   i»"   collective 

o-'tlic pitch  variation.)    For hi^h-speed 

..öl.;i.t  is  auyport-jd  by u fixed v.'in--   nnd 

i:      '• ic;    tae   lightly  loaded   rotor   L"   ■-! ;:. .';■■.t-1.!::, ,   ^ro^-ulsion  is   oL't; iued fron ti'jc 

-•i.j  L  r   ira-dri vcn  propf3lle •■:?   vnd  ou.lr  1   is  i-;   c;;nve:.ti''.;al  air^lij-'  aiL'ron- 

elev   i.'.r-rudder systorua.      -ho  trrnnitioa   fro.'i rotor-driven   to   .,rot eller-ari^j;. 

fli Li  is  performed  it aoarlv oyn;i',;iiit ^.1-. ittde  by sr.ifti;L;;   i'ro:   pr>3S:;ure-Jftt 

pov;or to propullar  i,:ov;:/ •.viti   the  ij.tormodif.t'.'i  power lei:: ■   SLippllod  \>\:   f.ie   rosidu- 

al   rotor  kinetic  oner0"1-   '"id   J   chan ■■";   "      V' locit"  kinotic  ^.i.tr y. 

Altho-; h   'odd  '/>■   is  doji ymd t')  pr-.->su   lly-consi.iQ-od  j-r'tc;tic. 1  v 1 <e:-   of 

blade   tip spoed  and  ■/■,xinui;i ■-dv   nee   r   ;io   in order   to     ULT^U,-'.)  i'us   i,.ji;8diate 

ujefulness   in •^;ilitf',^;,   o^^ration,   rotor liioJ'.-l   i.'jst.;  coj.duct-d   up to an  advance 

ratio  of  2.5 have  shovm  t  -w.,  evar.   t'or -.i . ach nu.iiber   . f'  the  advancing  blade  1-SJ 

than   .B.",   fliyr.t siee is   uver 3Ö0 knots  mry   JO  utc-aint:d   in th.j futuro.     'ino most 

ST;.rising   result   oT  ti eso model  t'tBcs,   com'ir'ed   In/   t ■ eoretical   nv dies,  w^s  the 

incroaso  of aerodynanic   iit'icior.cy with increasirrj a ;v:inoG ratio.     A. lift to dra,^ 

ratio  of the autorut^tin    rnoiol  ro'^or  (excludinr  ' ub)   of  11.5 wau measured  at  sn 

advi"0'- ratio of  I,.-.     This  it.dioates   ■ ull-scnle   lift   t-   dra;; ratios  of tue  stune 

order of ma:-nitude as  thos'-  for a fired win .    A nmuer of problems p^rtainin^ to 

rotor  control,   olnoe motions  n :d  blade str^satnj have  t.   t>o studied prior  to  the 
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utilization  of tip speeds  and  a ivcice ratios  vary mach  in excess  of these used 

in ti.e normal  operation of   'odel  1'■. 

The  proliriinnry perforrnanc^ osti,r.atos  Ccr  the . ocel   7B are  uased upon wit.d 

tunnel Tnodel  test data,   obtaineJ  xi-.  a rose.-.rch pro r  .-n s.-onsorod by  the Office of 

Kavnl  Rssearch,   and   in the Cunveritionol  h'"rlico:.tcr  or  rotor ^rouulsion  advance 

ratio ran^e,  upon  . rov-in metiioda  of   anwls'^ia. 
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0. ■Li   :•.   :..■    Xin:' ■.. 

3.1    Suraioarv Perforr-vanc-? Tablo tuic Fi .uroa 

Take-off wei.^'.t  

Fu«l  

payload     

Engine  po-.ver (norrcal   r■::.;.  ; 

Lisc  loadiiif"  ( ./-'■)     .... 

Io?;or   ic-iflv'  

ilaxiniUiTi speed  -   :;••.■.  lev:!   . 

'•^ate  of clirrb  -   c-.-'    1 ■/•!] 
i.otor propulsidn     .... 
propel lor prop'ilsion     .   . 

Tiv.c  to  5000 f    t 
.-oti;r propuivsion 
propeller propuljj . 

Tine  to 10,000  foot 
Rotor prupulcioii 
Propeller uropuljii... 

Vertici'.l  r^to  of clit-l   -  •■j';«  l.^v;! 

A' s"lute hoverii     c- Li. 
(stall  li;.,it:;Li.n) 

Combat  radius/Av». raf.e  velocity     .   . 

".;axi:n.um t:ndurn.;icü/AVür'.'..je  velocity 

Fern/  ran;,©  (1P8U   ;al.   fuel)     .   .   . 

*    Power aYullable,  oonsiderinc losses 

Ji. i 

30,>;uü pounds 

^7(i0  .. ounds 

f-lüö pounds 

O87ö/140ÜVJ     Br-r/riTO 

L'. A   \t)^, '%   .•". 

7.75  lba./-i . 

24U knots 

t/l!j! U    i". .  ';;. i.1:, 

16;.)0   ft, ■'   Ir, 

U    •    ■ (J. X.-   ■ 

4.1»; mi: . 
G.cl  i'.d:.. 

5040 ft./r.ii . 

10,000 feot 

100 a. ./220 knots 

1,28 hr ;,/200 krots 

776 nauticul .^.iles 
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4.     JlSr.'JSSIOi, 

The  principle   o!' a coMliaod  rotary-iixed v/iu    aircrui't  .VM;,   nj'j •cod  to prac- 

tice  in tne early  days cf  i;.e autogyro,   teid -..'i exbensivo  t'l i  ;.t   ..  JL  :jro ■rw;. i b.s 

been conducted with  such   aircft  by t'.G "ACA  (rei'oroncea   L.li  ahd   ..1:;.     rhic 

pro'r.'u:;  included conciitio.'i.s  up to   an advtaica  ratio of t.e   lifting  rotor  of   .7  .•.aid 

u].  to & load on  the  fixed  --i;!,;   of  '6u..  of the   totul  aircr ft wei; . t.     Tu©  aircrai't 

tat; Lea  D;.r the  ÜACA was   contrcile.j   by cu'.iV.'ntioral   .".il-.r or;,   • 1-JV. t or,   and   rudder 

controls with  no raaan:;   providod   bu   c;iani;e tr.«  relativ»  ai-titude   of  '.du,-  and  lift- 

ing   rotor or  tia  blade   1.itch  an,",l'..;   i.'i flight,     "-he .aain  c  nclusaons   fron:   tüese 

tests v.'or-^   r-nat a wide   vuri'.. i - i ;.:'  ro;.or spoeu   aj  a f.inci.'r;   or airspeed may   '■■& 

obt; inod by  suiiaole ad jus un en to   of  the   rcl^tivo win    and   roucr attitude  (v';hic: 

-«ere made   on "thy ground a^rirv;   t. o   t .-at ; ro ;ram)   and  t..at tt.o  : • t -n'oronco  cf  t- e 

wing on the  lifting rotor is necli .it.Jo  it: t.io tested  ranrc. 

As  compared   to this  early version  of rotur •-: ixod win;  yircr- i'i.,   ^odel   1§ 

incorporates  t.'.e following additionul featuruS;     a  r^tor att:t.ido  Jo-trcl,   lun, i- 

tudinally and  laterally;     a collective  blado pitc;   ci,;t.-ol;   u . .   jet roter a rive 

for vertical tai:e-off and forward accoloration   ip t >  11;  la.ot...     ';.  retor ; re- 

pelled,  or pressure-jet fli ;ht,  which i:-  ^oa^iole  betrv^er:  ::  ro  and  118  i:  yty,  the 

aircraft is controlled by the  longitudinal and  lateral  ro-ur   .ixLit..de Cvv trol witii 

tue fixed surface controls  relatively ineffective.     In pro^ellor  . iupul.. Lui;,   or 

turbo-prop fli-ht,   which is  [jossible   oelwcej:  .;U and t  o   Li.„it -1/    speed   of 

300 knots,  the aircraft is controliod b;    t.:c  fixed  durfnee  control.';,    ^ne  recor 

lateral  cit!;itudo Control is  still Go.'.noc .od to t .e centrol  otici ,   L'.ou h   relative- 

ly ineffective,  while tie  rotor  Ion.;itudiP-al ati.itudo  eontr i   La  diacc'nnüctod from 

CONFIDENTIAL 
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the c   .'it:rul stic-: and  an  a;;lo::"j.. Lie  ruioc     :,;.iL.iatj   ij.::i.   J!  is   iiiCvv .j  i'■ t a   tu 

ac; ii:vo   rotur  J^-'^OJ   st,;ibiiily. 

riie dosi-i: i-'oi.-^.u'cc   o.''   u: •;     oj ;1   i     :,r    .jtlBcli/'i   t'.i  insure  irm.iöuiatc   useful- 

nojj   1:;  p.ilJtiir    o^nj-^lior.     /.v..il;.:i ■ r.u.    r  -li.-.t. ,   c.. ^ ;■■;„   orj,   ui.J   ;r epical 

li''its   ;..'   to   •:. :..cr  ad VtuiG''   j-iti. ,   rotur  ui^.'iou.r ,    : cr .,   arn   uöoei   to  ,_, uir-.,: too   such 

o^jcr;; ui-j..      .]'•: 'j;    :.   t-.-u   H-1-'   ■ -J'^ire   •:: j,   ■,";: «:;   ü_ w: I ir  ;   n L   Cre  lower  alwiiaJes, 

jjtiri   ;-;.r j I ..lo,   .:.. ;  ■.:;)    iwy  .}un:r.-. ■.■  Ltiya,   n "ni,.   -r   .'ii.-l  c .^ i.; 'j,... oi iii   üuüi  ■■   r^cipro- 

catir     sr.   "l.-.t-,   c :(■-   u- vi;i     i:,   v.oi ,; t   .urJ   i..  auruJ' .;.• ;ic   J ra.    üV   :'   r   uI'J si-ta   t/^oae 

:]ir3aci7;.,rit i,_;c-s  fa-   t- -■   r'. latl/i.-J     j.crl r-u:,c  tt ■■ t  id  ro^   Ira  :.'or -ui  auüa'iii eir- 

ciruft.     '}as  tur   i;iO   dev'ilojr:-'! t   ".i   .o-   ^Xijccr,o.i  -J.jri:: ^    .    ■   ;.r ntuty^ü  dü.'ii-,n  sta.;o 

of  !;■. .s  aircr.'U't  should  i'iirLi o:1   ü;L:!.;CJ   ;,hjir seiecti'.;; . 
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5,1     ■"tat;ion  uaa  Syabo! s  - 

*? 

Ur 

■ cr 

'bP 

'L-. 

CQ 

A 

L 

L/D 

Li-t't curve slop« 

A; ,. r-ct  ratio 

Aroa,   square  feet 

■ umbar of blades 

Jnan,   foet 

..it an chord,   feet 

rotor thrust coefi'iciont 2 

Aerodynamic   ülaJ©  ioadijig 

'otor  lift  coefficient LR 

-'ixod •,s\r--  lii't co'Ji'ficiant        L.y 

9/ZAvV' 
stör   ...üi-que  CüeM'icient Q 

T: ■; livulent dra,--lift ratio 

rarasite drag arua,   öquaro faot 

Prsssure-jet ti.r:3t.,  pounds 

■ atio  Excess rower 
^ffoctivcj vortio.r clir.ih i-muyr 

Total  lift force, pounds 

Rotor lift force,   ..ounds 

Fix'jd \iii\:,  lift i'orco,  pounds 

Lift-drOj"   ratio 
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Q 

q 

T.   A' 

V.; 

V 

n 

e 
cr 

0 

Lobor torque,  foot-pounds 

Dyiiu-'i.ic   pressure,   noutids/s juare foot 

i.olor  raiius,  feet 

,!»:'!: :LIM  rate  of climb,   feet/minute 

'■.otor  thrust,  pcands 

ovcrir;;  morit fect.or 

;:otor  induced   '/.locity,   foet/'sjeond 

Fli;,iit  p&th   v.'locilv,   i.'eot/secorid 

Vertical   rate  oi'  cli.nb,   foet/second 

Adv rice  rutio    V 
ft'- 

'.   tor anrular volooity,   radiana/secoiid 

Air density,   slurs/cubic  feet 

Rotor sclidiV,  btCr 

Rotor blade  an^l.0»   de^reos 

ÖC, '(Tip)(270)     "       Tatroatia^, blade  tip   ijv;le of attack,   de   roes 

Subaeripta 

i Induced 

J Tip jot 

0 Profile 

p Parasite 

R Rotor 

W Fixed-wing 

I 
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5.2    Dimensional Data - 

5.2.1 Fixed iVin^ 

Spun,  inches  540 

Chord,  inches:     root  97,75 
tip  57 
MAC  90 

Projected area, sq.ft  o32 

Airfoil section - root  23018 
tip  23012 

Incidence,  decrees     3 

Effective aspect ratio    6.1 

Aileron aren,   sq.ft  21,50 

Split-flap area,   sq.ft  16.00 

5.2.2 Rotors 

"lumber of rotors  1 

• Tumber of blades per rotor  3 

!;otor diameter,  feet  65 

J?otor disc  area,  sq.ft  3320 

Disc  loadirv.,   lbs./ft.2  ^.04 

Rotor solidity 09 

Blade ciiord, inches  37 

Blade twiat, decrees   0 

Llade airfoil section  .iACA 23015 

Rotor tip speed, ft./sec. - 
Hovorinr;  750 
Helicopter forward flight      750,  700 
Propeller forward flirht   700,  500, 420 
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Airi'oil  sect^.un -   root  I.'ACA UOlb 
ti^  ACA  0OU9 

nfi'"Gtive  usoect  r;itio  i .^5 

i  '.J   J     ,,   ,1   , .     CT        I   '„ r       j ■ « • • • * • • . . • a • *r k> 

or jil   i   .vl'!once,    ie   r-'-o5:  Ü 

.i.:,'-:   'leroijyru.j-.i"   oiiord,   inches  "?.?■; 

Tot'.l   a-or.f    !^r't  142.0 

J'.•■   >-'-]   3'jr:'MC • ar»va,   s;. 't  44.0 

'•'Ui.-ibor  c:   ^ropvllor;;  2 

!.un":.'cr  .;!' M'...■.:.;   -ler  .»r-i^elior  5 

i-'anufact irer  Afro Froduets 

"odel  ds;;i   t.ation  A 6o2F 

iroi'el.ler   ii'LTet'W,   raet  lü 

Activity f'ic^c r  4aü 

rrofeller    «jor   ratio  7.95;1 

Propell' r a^tied,   rpu  17i;C 

-'j^i^ht jata 

•• .,..i       wi-;.:l     rou.i   v.;' -.jit,  pounds  30, JOü 

.:ej.     t Q'.-^icy  l^,L'ü4 

f.i   fui   loud  lv./J4o 

pa;, lot u  if13;i 
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5,^.2    ■.laximum T.'V.  »voi-iit,  -jonnds 

'.oi ;ht einpty  

vO^ful   load        

yayload       

.4    i üwer j-lant ;)ata ♦ 

5.'.:.1    "ir-j'ie Dnts 

^'ujiber of engines  

..''inufact irer  

odol designation   

E.i i.'jc   ratings  - 
Specification normnl ratinj* 
P-^rfoi'Tiance nonaal rating; ** 

5.4.2 Cor-ross or Tata 

...'aaufaoturor  

;fodel  desi,-nation  

5.4.3 Pressuro-Jet Data 

. unuf'.cturer  

3o,ÜO0 

13,954 

1J,046 

14,135 

Allison uivisioi., 
'.'ener^.l    .otors 

All iso^i    :odel  501 
power section 

223Ü/14ÜUÜ 
1535/14000 

ISKB 

'■ :c_ r.imoil Ai rc raft 
Cor orstiün 

•    For r.ore complote power ilant data,  sea reference 9.'. 

*♦    Includes  loasoa for inlets,  Jiots,  etc.,  so« reference 

j 
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C.    AKRODyilAMIC DATA 

6.1    Par^sito dra;;  estimate - For ostiraatinj; parasite  dra^  powar  lüssei;,   a 

breakdown of tue  component parasito dra-,  areas  is made.    The following tables  of 

component parasite  draf   ar«as wcro  prepnrcjd  to COVöT the  requirements   of tr.o per- 

formance ostiinato.    The component drag coefl'lcients were  obtained from refer- 

ence 9.5.       ote  that the -wiii;;   is  not considered in Table I,   since  the draj  eiVcct 

of the win'    in forward  fli-'ht  is  included in the  L/D  of the win.-.    Also,   the nub 

effect   is  treated  as  a separate component in the  rotor-powered flight performance, 

and for turbo-prop flight,  the hub drat; is  contained in the L/D for the rotor. 

TABLE  I 

C oraponent Area CD f(sq.ft.) 

Fuselage 68.5 .11 7. 34 

Pylon 26.5 .016 .42 

Nacelles 29.5 .10 2.95 

Empennage 120.0 .012 1.44 

Landing; 2ear 

(retracted) 
- - .35 

Interference 
(lOTc assumed) 

- - 1.30 

Hub (based on diac area, 
CQ from model  tost data) 

Total 

Total 

.0013 

14.00 * 

4.32 

18.0?  ♦* 

•    Turbo-prop flight (win^ drar,   induced  and profile,   i: eluded  in L/D wiic; 
hub dra"  included in  L/D of  rotor). 

**    Powered  rotor flight (win.1;  dra;;,   induced and profile,   included  in L/D win:;). 
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II . 

I-.-, r ;,; i t" Dra '     .31  '.: i;,'tt 5   (v ort io,-i   fli M, « 

Cümponent ** •       '■-*. 

r 
f(3<:.ft.' 

r' i,:el.:i-0 41b .05 145 

x in,; 218 1.0Ü 21.'; 

:..   ....-L |g,. 1ÜU .31) o!» 

j:. (56 1.(0 6'J 

Tail 02 1.00 83 

b4o   sc.ft. 

ov'.-riri' Download Arv;a P'stLiiate  •• 

'usola o 

an 

dies 

24i3 

140 

10C 

1. 

3e 

14h 

?6ö   3 « i.   -' • 

*     In  vertical   rutw  of clinb  oalo.ilations,   the  total  ^1-■:for.;' arja   Is ujoJ   cc 
obtsii. t;.o  j   r-u: ito  dra^  lomJ.     For ci-lculi'.tiops   oi'   r  i^.-,   of  clinb at  i'oi-- 
■.vari  speeUs,   it   La  r.ecejaary   ;.c u;;tiin tiic elToct oi'   ^uruoLte drr J-I  ti/j 
rot^r ir.  -i  V'-rtic«l  Jirecti.n.«    Thsreroro,  the  i  djoo.i  arcii ox1 tie  >.i:j ■   x; 
subtracted i'ro"   t':.fj t.t  I  ^ l-uifom nreu and oov.aidered  separate! .    .i.e 
parusit'.- draj  area r'-sultir-.j  is  tJ46 sq.j't. minus  552  s..ft. wl.ic. jquals 
214  sq.ft. 

«*    To .ot the hoveri-ig; pov/er requirad coasideri..    t..t. effect of  ro or downw» . 
an e3ti:aatQ  is  • ade of  the  as-.n'. in t; o path  of v.e dovvnwash   v ■loci.ti . 
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'.?    Fixed winp  charua tt r io tics  - The . oJol 73   ./i. uJ  wi.,;   oi.'    ^ .-.  23G12  to 

Söclii  airfoil  üuetio/j hiiü   i.  C.l  ^.j^e^t  rütic.     In« airi'.'ii  sectiii.'i  .;■ ur^tutoristioa 

for  if.fii'ito   aapect   riit. i,o  obiiiiiied   ..'rj.'.'i  refa^orico  ',•.■-   uro  üurrect '.;   to tue  in- 

firifce  aspect  ratio uf '".1  b*.   o ; .<;. (.ioii^: 

OC. 

' ■ ■■) 

-   1; .?4 ^v Ä? 

« 

A   i'^rl.'vT oorr.-ct-J .n   un   ;,..-,•   iii't.-är.--.    rt.t'.-  is   ,iado  to  account for    in;  ta^er in 

-:.:•_■.■ r ; .;:co '.-;:(.■   rel'e n"'ice   ...7.    l^i^jr^   14   .. r-n^.-r-.^s   f.e coi'r^c.  i   airfoil   ..•.;,a/ac- 

b'-ri.r„ion  usad   ir. t':-^   .■ Tüdyn.-.   ic   j' '•''■. r-i'^ice  ostirx; tos •      i.io   vm-ic   i-■■:i   üf  lift 

coefficient .. : th  i^r.-.ir:   vjlooi!.-- level   flight i:;  shc^n  in fifuro   IC. 

-opollar c; c r'tctori'J-icy 

1.0,1     i'i :Q.x.i :i  ;. r   _ v: .n iry turbo-prop installation  ci-ijt;:   of  tv.o. 

ti.x'ee-tladod  f ill-i'^t t;   ri..    Aero j roiuc t.<5  ;.ropeller:;  driven  b;-'   two Allison 

"odel  5ul   ^aj   tjriLi;.;).    t   rou-h     j-i.'i.j ';,«o8  .;oar i.oxos.     '■rin,    hölic ^ t .-r opera- 

ti.)i:,   ti.e   VJ'O_ ■ 11 JI   j itch  i.-.:  S"t   ■ t tnao whic     r jults   i ,   .. i il- 

!iy   Ci.o rrop'jl ier; .     For 'i  pr.?li.'"-nar'   o: ti.MaLo,   tr i.;   . r ,    . 1   - 

to absorb  C      ■    t  ■■ ^.vr.i luulc aa.i.ic   n/.i'I't; ■•.*. r ,o; ever K,..r >.\  .,,■ 

fli   at  r'.n-e.     ' 'oe   roferonoe   i'. 

in  section  i .P. !. 

f'.w.S    prop' 11 ■:• tifficio icitia  -   iha ].r'-li"'i:;ar;   j.ro^t.llcr 

'?i-urc  1   ,   is  ü;ti ».too  from  U.o  i;jto   [-r-.;    .ted  -UM   r-':'<r' .-■ci; 

is  as  L'OIICT.VS: 

The prolin'narf  pro^olL.T 

, >> -or absorption 

".'-in.,  ij  asiUjnod 

t .c  helicopter 

..a arc prosentod 

'  iciency curve, 

i'he :r.ot<hod 
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iJtep 1  - Ass'! :n    volocit;^altitude 

Stop 2  - DGtarmin'j inline power, propeller speed 

220 knots, s'sa level 

229Ü HP,  l'/ciü rpin 

Step 5  -  ^o.ap.ite  J 

J  S  8e V'^h 88  x H'.X; x 1.15 -   1,27 
1760  x 10 

- Compute C •, C^ «   .310 

r-;P .b(a-:r/iooo) 
P/p0 (;Vlüü0)3(i}/10)0 

Cp -     .5 x 2.29      =   ,210 

(l./ti)3   (I)5 

3tep 5 - Detarmine X and C—, 

Aotivit;- factor ■  450 

X 

cf 

.60 

.050 

x .60 

Ste]:  C 

■-/(-;, 

J te  u,. (Cp 1/3 

1.C7 
(.'no) i/3 

1.27 
. '"05 

:.io 

.'7tep 7  - r roin cuart (rerercnce  &.. ,  pa,;9  l^G)   read 10   ■   .85 

Figure 1^-,  piopollar «fficiäacy a,'-ainst   /tlocitj,   is  obtained b/ assuiiiin; various 

velocities  ynd  r;p> ; tin;-; ti.e stops  re :ui rod  to  obtain propollor ei'iicie.'C •.    These 

proi^ullei   üfi'i'.iencies   irv usad  in tranaforui'i,;  J^ -  shaft hor3ero-.ver and not jot 

t;.rist to horsepower availablü for lovel flight p*. rfcrmance calculationso 
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6.4    Flight limitations 

6.4.1 Rla^e  stall -  Eetraat.in;^ blado  stall  is   cor.siderad  a  limitirv  flight 

velocity criteria because of  loss  of control and objectionable vibration.       ACA 

flight tests,   reference  P.8,   indiccte  t::at a retraatin'; blade  tip angle  of attack 

of 12 dograes  is  the beginning  of ilaoe stall.    Operation at tip  angles greater 

than this causes increased profile pov;or loss and  objectionable  vibration with 

loss of control  occurring  about 4 dogreea above  the initial stall angle. 

Blade stall  is primarily dependent upon the advance  ratio and the aerody- 

namic blade loading (CT^ )  wi ich is a measure  of tne mean blade angle of attach. 

Figure 17 presents the  relationship of  initial  stall Gj/<r  with rotor shaft 

power paranetsr (p/h)   for constant advance  ratios, JA   .    A disous^ion of this 

graph and  its  sourc-' is presorted in section 6.5.4.    For the iiodel 73,   occausp  of 

the aarodynanic blade  loadin^j  and because of   the effect of the  '.'ixed wi.-.,;  in for- 

ward flight,  blade stull  is avoided in the helicopter  level flight conditiori, 

except for operetlon at or near Ci^ of fixed win-   equal to zero.    Other limits 

are more critical for the higher fixej-win-  lift coefficients.     In propeller 

flight,  the inoreesod drag losses, because of blade stall,  are acoounted  for in 

the modal tost lift-drag  ratio of the rotor; and tince control  is attained by a 

conventional aileron-elevator systern,  blade stall is not a limiting criteria. 

6.4.2 Advancing blade velocity - An advancing blaue velocity  limitation  is 

eonsidarad necessary to avoid incraasad powoV  loss caused by Liach number dra^ 

diTargenoa and oLjeotionabla vibration, fatl-ue, and control characteristics 

caused by blade lift loss and center of pressure movement.    A limit of forward 

velocity plus rotational tip speed (V ■•■ H R)   of 900 feet par second is  assumed. 

I 
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which t'ivoa   rise  to v.   .SO   /'ncii  nj:,ibor at ü.-a levol.     ivoferenco  S.10 shows   l,i.-t 

rminvard  shifts  at"  center of _ ro3;;..ir'j are avoided  ii' tJie ..-ach number is   ii1 i1.. r 

to  tliiis  value,    J owov^r,   o;.orati.';t  at hi.-Jier adviaoin-j 'ulacie ilaoh nu/.ibera   t't:an 

.30 is probaül'/   practicc.l   becnuse  -f  t;:o  i   l ;r rit-uilatvj  r;acuro  of ti.o  profile:... 

Further wind   tunnel   research  and  r^l l-acile   flight teat  pro^rejas  should  provide 

additional  informt ion o;"1 this   limit-..den. 

6.4.3    Vixv.'i  st/.ll  -   The ^iiiixu.'-; pro^cll   r-ir i v ü.   :'li ;nt  s;, .■■■■d   is  assumed  to 

be  dictated by  ti.    muximyi  winr;  lift co^f ficift.     .•iCtu: U: ,   lid ;   , .; not  a physi- 

cal  li.'.'dt,  sinc'-j  ut  t'.ese niriinum speeds,   the  rotor   \z  .; i.   orti.,,  ••  .j'if: ioient 

portion of  the vjei^ht to .aaintain control.     . owev^r,   fur nr • J ytic-l iurj .;.';■•.;,   the 

taaxirnui.i win"   lift coeP'lr;;u>nt  is  used  as  u iaini.;;j :   velocity  lin.it. 

6.5    Jressure-jet flijht condition 

6.n.l      cveriit  - Tiie hovorin;^  aerodytu».: ic effici'.T.cy  of a .''■■, rotor is best 

represented  uy tne ratio of rotor t; rust to  .:et thrust ivhicii muy be wriiten ncn- 

dimonsicf.allv as  - 

T      TI       CT pTrR2(jaR)2R CT 

F = T = CQ pTrR2Cnf)2r    =   c^ 

The hoverin;:  jet rotor torque requirements  are  t;ie profile and  tre induced 

torques, 

CQ   -   CQ0 ♦ f^Qi 

For 'Hi idenlly twisted  rotor,   the profile  toraue coefficient in  tenns  of tne 

"ACA t.;.ree-tenr. dra1- polar which  is representative of smooth, well-contoured 
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-I'idco ij  by   re:'ürence  I'.   , 
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und tnc induced torque coefi'Icicnt is, 

./.7(J^ /3 

; or ti'.e ,.:.>del  7:,   it i .;  rs.^a.nej  t. at  trie profile  da,  this   torque,   is  ii.depen- 

dor.t  of blt:ue  t.ijt  und  tnut  tne  ir.Juccd  Jraj  is   iucr-.-aeed  tor percent to account 

for tl.e vuri;;tions frcr  unifors  irflov. encount-ired  witi.  rvctan.alar lii^tv/isted 

blades. The  tip less  factor asjuned  is  ti_t presented  by 3is3i;it;h in reference 

c   it 

3     = 

Since   Uio ^ :l.     - rust preuanted  in n fer :. ce  £-.9  is   ;.ro:;3   internal   tr.rust excli:ding 

jet exterml   drn   ,  ti e hoverii>;   rotor ti.n;-t -  Jet thrust  retio is modifiad to 

accovi.'.t i'or ti;.j Jra.;  torque of   t e jet units.    An equivalent paraöite area of 

.11  öq.,are  j':;ul per bin j©   : ;  s'Sauned  and   -;je './'T  ratio corrPcf.ec   uccordin ly, 

ACQ - bpfj .   p (O r)2?; -      bpfj 

f TVR2  ,n:)2i. 2(1T- 2) 

Figure 15 pr scnts  ti.e variation of the rotor thrust-jet thrust ratio witn aero- 

dyuurdc  olade loaoinj (r,T/(f )•    This f i ;uro  is  t,i<-. basis of all hov^rintj and 

vortical cli: b perfomanc    sstiinctac. 
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6.5.2    Vertic: 1 climb -  In  a -/ertical  olirab,  the rotor handles  a greater 

mass of air (due tu cii.ib velocity)   thtui  in  hovwri:^;  and,  therefore,  needs to 

aocolerate tr.e air rnaso   los.; to produce  tne sane   Cijust.    As a result,   t<ie induced 

power losses in a climb are less  ti-an  those in hoverin;;.    Results oi'   iACA tests 

(referej'.ce  £',12}  wore used to oot^in trie variatiu:. of  the  ratio  of tie excess 

horsepower to the efi'ective cli.-nb horsepower wit', climb velocity (figure  16). 

The vertical   rate oh climb was calculated  usi.^;  this figure and  the calculated 

excess horsejower. 

vv ' hP0 x 35,000 
iV 

The ef/'ective clLoib horsepower, HPQ, was deLerTrdned with due consideration ^iven 

the  increased rotor lift  required to  ovorcome  fiisola^e - fixed wi;uj  parc.site drag 

in vertical  climb,     ( 3ee smnpl .■ calculation). 

6.5.3    Forward flight - Helicopter steady state forward flight perfomunce 

is calculated oy ..'ACA methods  of analysis (reference y.8) .     Iiidividual power 

losses  are expressed as  tt.e energy dissipated per second by an equivalent dra^ 

force moving at the translational velocity of the aircraft.    The sources of power 

loss are the  roicr profile  and i iduced drags,   the jet unit external dra,:,  the 

wirv,  profile  and i.duced dra.-,,  and  the fuselage parasite dra^. 

An equivalo t drar balance divided by lift is the basis of all steady state 

flirjht pnrfomonce calculations.    Was drac balance is modified to account for a 

portion of tne total lift bein^ carried by tne  fixed winj with the resulting 

drag-lift equation reading: 

r/L -- LKAJWLIOO * (D/I*)I + CD/LR)^ * Lw/Jr/L«!, ♦ TLAIP 
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In the helicopter flL,;ht condition,   tiie Jet external drat; docs not afi'üct rotor 

characteristicü  such as  blade an.jle anJ flappin    ooefficienta,   bit does aiVect 

the  power  required,  since  ;ross intwrnul thrust  is used as jet thrust available. 

For these reasons,  both (IJ/IOJQJ includin : and excluding  (!'/L)J are calculated» 

(See sample calculation.)     The power required is  then calculiitdd  t'ro.i the 

(D/^JQ?'  including  tne jet drsu~-lift ratio by: 

HP(REQ)   - r^AJTOTAL *hlJL 
L       -I 55Ü 

The dra:--lift ratios used ir  the total drag-lift balance are developed  individu- 

ally s 

Rotor profile dra0-liffc  ratio (r/L)0 - The  rotor profile dra-lift ratios 

for tlie various fl igi.t c editions aro detennined fro-i  the NACA charts  of rafer- 

«noe 9.8. These chartr are deve! o^-od for assumptions of «ero twiat and a profile 

drag polar (CD »   .0087 -  .0216 OC +   .40«2)   -vhioh is  representative of smooth. 

accurately- -cor toured b] ades. 

Rotor induced drn -lift ratio (D/ 'Vji - The rotor indue ed dra j-lift ratio is 

calculated by treating the  rotor 

(C/LH)i = 

as  a 

CDi " 

CLR 

liftin" v;ing  of 4/'7f aspect ratio .    Thus: 

TTAR CLR        4 

Fuselage 

is calculated 

parasite 

fro.-n the 

drag-lift ratio (r/L)p - The fuaela e drag 

(See 

-lift 

taole 

ratio 

I). estimated equivalent parasite area. 

Thus: 

(r/L)p - . f 1/2 
W 

9   V? • fq 
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Jet external dra.-lift  ratio (.'/L) j - The jet Qxternai dra -lift  ratio is 

(ioter..liied fr-w fu-i  e^tl-nateJ colii dra.; coefficienl oi'   .115 räiicli  is  bi-sud utjon 

experience gained  under tiie Air    ;itöriel Cu:-,.Tind  -I -1.0  ran   jut  rotor contract. 

Tho i;ia>rimari cross-sectional   CT-u t.'  ^aci.  pressuro   :   .   u;;iL;  _J   10£ s    .f-rj   i;.c":,es. 

Tliarefore,   the equivpl snt p;-.r ;::t,t) yrea per unit  i;>   .11 s i-uiru  fe^t,    i.avia^ es- 

tabliaxied ti.e äquivalent, portisite arc-n,   tiie   \Q-. JIVU -lii't  rntlo mav  DO determiued 

by: 

(h/LK)j x LR1. <■' ■ V* 

2rr 
^T; bRfj  f/n (ni. > v3Dicp)

3 dep 

which inteKrates to: 

(D/LR)J -     bKfj   \\/pfi * S/^AI 

Per quick esti.nntion of trie Jet drag-iift ratio,  non-dimensional ^lots  of (i>/LR)j 

against the reciprocal of the  rotur lift    ot'i'i'ici'int for a ratio of bpfj/TTH ' 

equal to unit;/ are frasorted a:; fi^uroj 20u.     The  value  r. .d frorn t. ese 

charts .nust be multiplied by the   aotu.-l   r,:;io of cold jet equivalent parasite 

area to rotor disc area which  is   .00010 for I'odel 7S. 

For rotor-powered flight,  the jet u.it drag has no effect on t.;.o  rotor char- 

acteristics,   such as blade an^le,   an ;le of atlack and aj flappin-,   but  aa alroadv 

stated, does affect tie power roquirod.    Thernfore,  the (D/LJ,),; ratio is  s.ib- 

tracted from the total D/L ratio for t e determination of rotor characteristics 

other than power required. 

,Vin,j dra -li't ratio (D/L)\v - Tiie win; dra -lift ratio is  obtained  fron a 

plot of the winr airfoil cnaract^risties  (figure  IS)  for t a fli.;ht condition 

assuasd,  i.e.,  at tlie .iven win: lift cooffioieiit..    The vyriatioj    jf wi.._  lift 
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oc'of.'iclont   v.i th  le/ol fur.vurJ  Hi ',':   ;;iocxt"   iü  t.r^..... :tS'.]   UJ  i>i;,:jr.;   10. 

.....4     . i^i^a:. raie of clinb -   In dathr::.i;.i':     t .o . K,r.i..ii,:.  rauu  of climb in 

rotjr-powerad   i'li".',   it  is  i-.ocu.;..:.:•■    tr,   \,lc;i,l    !yj   t,  ■;  r  Le  ■.•'-' clii.b i'or several 

fonvard   /cUxili.i.'n  becu^so ot'  t       li.'itii'  crile   -•.     lu.vo nurvc-  a,rj  obtuiiied, 

ov.o.,   c-   rl::;r; .■  ^n-vor  IL.ituti r:,   •.'■'   :.   j  cona   'j-rvi;,   c-n^ideri       blci ;e   jtall 

li .iti ■•. ■   .'.'JCUH . intor:;- .;: i' t;:o.; .;  t'.vj  curves  dot .•n.ii..e3  the maxi- 

in;.!:n  rale c:' cli^.ii'.     \ joo  i i ;u re .•.-.   i In c. .;-;i WT! ; ;   blade stull  ■;..,    i limit,   it 

ia  ücriTOMic-nt  to  obtain a [.lot  of Cj/(r    si  i:iili'u   stu.ll  i'or  corr-^v   .di;: :  values 

of p/L  :i.nd JU .    Figure  17  is   sac.-  u  i-lot and i.-;   -bt-.-i.-ied  by cenverii;^   the Z\J(f 

/aluoa   . •-   i..iti;tl   fylale ^U.ll   fro")   the .-ACA  y.'.urt .    ,■'  rc;:'a;-.-. re-     .,'.  to C^,^   for 

v-iriouj  X4   and p/L V;luss.     This plot  is  used   i.i  conjunction  vduti   the  asy^r.od 

stall  limit  rotor load  for chockinj  ti.o :laxi.-ra-n  ryto   of cli::.b   ■.s  s.bo-in  i.i saniplo 

Cv.loilntion  .: .\.r , 

ihe ;:;;t   JG   ascd   1;^ CJ ia trjctmr   b;.-;   r; 

analysis for rotor-oow  red fl.i   'it. 

clir.l  oii'ves  iü tne   bypicul   .ACA 

r-A = (.'VDo + (n/L)i + (VL.)J * (r/L), * ( /L:W + (.A), 

d'' t ions ^owor 

■rror 

1 n 

;,'■ J   i:  r 3 ■   Lr-i   t.j      ■t^r.-.inc  t •:  act.ipl  o|x;raLin;  oon- 

iuri-u-  clir.b.     '"oe   sw.^l      ;■ Icul.iti.'ns  Ü.1.5.1  and 

.0    Tiirbü-t ro^ i'li.;..t c^.di'iür. 

C.   .1       qsis ol*   .J.ulysis -   .n i'.v  ■'. ir  - »propellrtr flight condition,   t. o 

botul vjoii.t  of  trie aircraft  is   support d    y o  firgd-win:',  liftin-- surface canbined 
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with ru. outorüt.tti.'v; rutor.    .Vinci  tuiKiol model tast pro^rmns oontractsd to the 

cr  ice   af  "nvid    ,039::rch  shov;  tii.L  li ;htly loads':  autorotui-in    rotors May advance 

at far hi_h<;r advance  ratios than hei-jtofore  coruiJorad  practical.     ihrou,jh  these 

pro^i-u-.;,   rotor lift,  dra.;.,  blade mcti„!.,  bla.de stros.-.es, fixed-win,  inter-i'orence, 

aircr-jfc öLarilJ'.v,  and many other details have  o-t.": analyzed an i te3'«.su   fchrou'.h 

a wide  r.-.n  e   .:   v.riaclen.    The  results of  tlioüe model test progroiiis  ar.d  studiea 

f )rm ti.e  busij lor t.e V.odel 73  aerodynamic perfonneLnce estLmates  in the turbo- 

prop flight cur:Jitiun.    Api lioaolo  t:::t data are presented in fijures  5,  6,  1,   and 

8j  for further  luU1,   sco ..AC En/ineorin'  Letti.rs,   reference 9.18. 

Figure b,  "iotor Lift Coeffioient Against Advance  .atio",  presents a compari- 

son of    cDo:inell -vind tunnal  t-!jta  at the i.irh advance  ratios  and other pertinent 

tejt data from previous l-.'ACA projjrtuas.    Fi "ure 6 .;ivu;;  a meata curve used in the 

perfornpnce estiae.tec . 

Fi.jure  7,   " .o^or La.j't-'r-i.:   ..atio Against Advunco Ratio",   shov.-s  co-riparative 

results  of   .TACA tests  A it':,   a   ten-foot rotor model   (reference  9.17)  and with a 

fill-scale ; i  ct.irn   rotur (reference  0.1C)   and   vu^onnell tests v/ith an ei.;ht-foot 

rotor model,  to-ether w; tl-. th« - "'.-Its  uf .ioJonnuil tiieor-/.    Accounting for Rey- 

nolds number of,I set,  all   l;.o different test re^aits  and   theoretical  results are 

in  satic^rxtory  a^reei'ient.    t-'inre 8   ;ive3 tiie rotor lift-ura.": curve used  in the 

■fodel   73 prc'll-nrnary perfonnancn oeti.nates. 

6.'T.2    Fonvard f 1 ipht - Level flight powor required for forwnrd velocities 

is obtai: ec;  iti a manner similar to that described  in the section on rotor-powered 

forward fli-ht (section 6,5.5).    A modified dr.x--lift equation is used for turbo- 

prop flight.    The power loss due to draj of ere rotor is based  on autorotatioual 
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wind torj-jel data which does not separn^d t'-e  orofilo a.id  induoed  loüJes in tne 

rotor (sea  figure 8).    In  t.'.esö tejta, which compere fnvurtvbl:/ with  other wind 

tunnel   .:■;■!  tnooretical data,  the rotor and  its hub aro  conaidered  as   uno  unit. 

Therefore,   it is  only necesjury  to ad)   tne  Lip  jet dra ;  co:.tril jtior;  to tl e rotor 

for u dra.,  .. ower  loss  due to   t:,e  aatorotatin.   rotor. 

It should also bo noted  thnt tie   r-arasite  dr?,-  area  ujed  for the  parasite 

dra/3  loss differs  in the rotor-powered and  t'lrbo-pro^.  power required calculations 

This  difi'eronco is due to the fact  that ti.e hub    r^;  is  incl ;dcd  with t: at 

nessured for tne rotor in tine autorotational   test dat;:.     In the rotur-^ owered 

flight,   the huo d ra^;  is   takon aa  a curr.ponjnt of ti.s pnrasita dra;  area for  t;.e 

whole si^ip and included witli t.ie parasite  dra,-  pcr.v^r  lose. 

The  resulting d.a^-lift equation is  ss  follows; 

D/L - Lp/L KD/LRK +   (D/LH)JJ +  Lw/L FD/LVVJ^ *  I ^/L P 

The power required  is  then calculated from tue D/Lx_TAL nsinj  tne  .'ollowi;^ 

equation: 

(See sajnple calculation 9.1.4) . 

The percent load carried by t e rotor tur-u :hout ths flight volocit-'  ran ;e 

ia  presented  as  figure  11.    The dash  lines  repres ;rt the percent  load carried  by 

the rotor in helicopter flight,  wnile  tlie solid  linoj  are for tu bo-prop flight 

at various nutorotating rotor tip speeds. 
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.1.2       ov-.ri,:'   [JC'I-JI-  re Juiro;;   (c;.,-sldori 

FBA-   -   SOi.   1    /el 

P =    .002 24? 

oll'-'C •ocy.i' 

c^ .00746 
,09 

■;/F       =   10. *4     ( •.- ire  1 0 

31180 =   ?f-.7r :- ;n jj   1 ,jt   fc'-.rj ;t 

vijr-.cl   rotor ;:!' =   ?( /^ >:  V   0 ■   3C?Ü   ■? 
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Fron f i ;u/e äü, r-iL'cr-■»nco -.' , .. .o 
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REPOJIT _   19P4- 

MOOEL 13-  

i. 1.4    i-ruasur'j-jui luvel x'li^nt pov.'or required 
Altitude =   Sou   lovel 

'rose  ',voi,-ht 
loXov diao cirea 
.ator tip spoed 
otor  ooliiitv 

20,000  lbs. 
?. -    i O ^ 0 

?t./ 

Toi 1 parusite aroa 
. ixeJ 'vi;j-, area 

3 3C, 

.09 L/ 
lift cociTioient 
'or  '/.'in ; 

18.32  ft. 
ÖÖ2 ft.2 

.5 
20.9 

2 

V 

VK»I 

"W 

L. 

ASSUMED 

FT. /5£C. 

.10 

70 

41.5 

5.S2 

.15 

105 

C2.3     | 
...  f 

lo.l?9  ; 

"t- 

L - L 

<N 

*V 

9(,5 
t 

^V^eo 

| 21o0 
i - - 

2! 503 5   \ 27320 

1.50     i .039 

o3Ü ] 

140 

83 

23.3 

3665 

2i.l35 

.348 

.2ü 

175 

103.6 

3G.4 

-3040 

25960 

.li}r3 

r700     j     lit 50 

21300  i      18150 

.1224   |      .0767 
 j.  

^. 
^ 

■^ 

«ji., 

I    1.57     I 
J 1- 

<s .00 3.05 

N/5\CA CHARTS 

;      l-.:-W 

750 

7.10 

.1170 .0930 

8.18     j     13.05 
 1  

2.21     |     1.36 .85 

.0840   !     .0043   '      .0910 
 \ j  

.3750 .1000  ! 

X 

% 

-t —- 
!    .06S0 .0475  | . i , 1_ 
I    .5WO .3010   i 
; 1 .—L 

. 0S4Ü 

.OooO 

.0496   i     .0306   !     .0192 
  j !  
.0350   i     .0540  :     .0560 

.1>'72  ,'      .1345 
 1  

.003G 

.0015 

.OOL'O  I 

.0035 
X 

.014 2  i      .0222 
I 

 -„^  

HR (Ria^ 

a.« 
e 

LKV 
•70 0 

NACA   CWARTS 

.6031 .3125 

1808      1    1410 
 L  

.0062  |     .00c-7 

.2075   !      .16C4 

2300      |    1795     i  [ 1 
.5532   !     .2894 

9.0° 8.0° 

124':- 

15C;5 

.L'CIO 

7.0° 

1249 

l-i'JO 

.1735 

7.4 5° 

 J ___ 
.1066   !     .0665 
 j  

.0320 .0435 

.0139 

.1525 

1373 

1743 

_ 

.0190 

.1510 

1535 

2020 

.1797   [     .2137 

7.55° 

* ^L* caljjl be! is t; 
lift ratios c)-'>sed ! Oi 
an - le  0   (.? e«  s' ^c fc i on 

8.6° 

e sum of tn-j \:: ic 
i rotor lift i jr. 
;'.5,3,/ . 

-. ■■,   .rufile,  '-i;.    and fuselage dra 
r  tv.    leter I!:L::0 ^(^ 1   and blada 
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n 

:;;    -iraa =    ■• ..     t. 

; v \.:- u ;■   :ira'   are 
(/ or  ti:   speed 
,oLor  soliiitv 

1*   .        t     ■* '-.'.\     i   L.- 
=     7w  ■      ' ...    :50< 

AS£ .1: 

CLT 1 '  ' r-?    I; 

1/CT.. 

UM 

q 

LP 

Lrvv 

CUv 

L - Lr 

Lv;/2o2q 

(L/t!w)w        Figure  \l 

(L/t)p;)R       Figure 8 

10Ü 

'..? 

lo.l 

17C-1Ü 

1216Ö 

".705 

.1- 11 

4.1-: 

liO 

.1-S 

7.0;i 

17., 

IJ...: 

?:.' 

1C.42 

210 

ITM.: 

16700 

(D/I«)R ♦ 

(VLr.)j *♦ 

D/Lp 14q/L 

(C/Lw)-.v L.,A[l/(.,/•;),.; 

'/Itct 

H?(req) './Ltot^(T-  ^ V)/..>0 

l£!u50 !    171..0 
■ i • 

Hi -0 i    12.;ii30 !   10:^10 

1.40j i     1.0G4 ./OL 

10.•; I    1^.0 !   17.to 

ij.10           -.lo G.sn 

• X w OÜ                        • '•_ i.1 Ü O • U - 11' 

.o^'r          .ü2;'i2 .u:o;'; 

.UlOL             .Jl/0 .ü?44 

•Oöb?            .üö06 .025S 

.1! 

f löl0. 

.l'Ol 

lib 178Ü 

(■VLick   =   LR/L [^'(^   :-] 

(; ■••L:.;J   -   LR/L V a 1. •. 

.-10 

1-.. .."-■ 

In..? 

■,1.3 

l'OüO 

1.-100 

.02 IE 

.0216 

j   .1 

20' 
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MODEL 
?' 

i 

,3 ■'i.-iJL, .   Lo   ..e st  11   li.iit,   rctüi'   ly^i   "t  1 ;;  ''■. ./a-rc., 

c;   l(-i!"!vi'o   ;,"•;'!■   '^"uiro^  fur   b.'.lj   cu !.~!D  o  n'J;l 

r J'Jot) 

CT x  ^    x do30(7ü;/)2 

:ra   17  si.o<v5   for   iaitinl   a t'. 11 C^/i'    of   .OPöb ut )X   '   -lb. 

or*  roc or =   .-■)< 

For P/L =   .■-■4,   clcjliite  tie  follcvi-i ;  :jsi:;      ACA  c.:.rt.;: 

CI/ö'    = 6Z,tkQ2          =  S.ol     ;  CL =   .749 

O' x    ^ /2 x 3520(lUü")2 

'ACA onarts  arid   by  tho   : 

(r/L/vJ -   .11-0 

(r/L)i  =   .1'7Q 

(r/L)j =   .U4Ü0 

(r/L)r, =   .0(..74 

L^vAC'/L)« =   .ÜÜS7 
~.3;3rl 

:CJ3 OI"  soCian t';.^.3 

■AJ. 

' r, A > /:.;<.: = .:-4JJ - .i..: 

1140 x £^AX) •   1C:ä, ft.  ■ i; 
3ÜÜJ0       " 

w; ich   Ci.ycks   lue       iu-icd  v..l.ie  o:'  12^0 ft./.-.-iint 

CONFIDENTIAL 



MAC J.il,-  (REV   B-'MJ) 

RtrviSFD   .... . _ 

fiEVISED        

! 

cnäücm. 
ST. LOUIS 3, MISSOURI 

CONFIDENTIAL 

PAGE 41-:  
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MODEI 75 ■„.. 

4 

.!.■ .2 •idcrin      IOV; ; r o  li   icLp' iactci': 

A-si.L.ic /«<   «   .1.;,     '.■MCO   velc-oii-y  =   1;)5  fL-./jeo.  ar, f2      »  7 ;0 ft./seo. 

1 ■: 

^    =   f!ü.6 

Aii'le  =   JO- 

i'-;  an.'lo oT attnck =  -30 +  ^  *  -r7ü 

ror   fi^uro   I1-:,   C^  -   -l.rA' L/[. =  t .7 

i-.    dow.-:lo:jd = -1.-3  x    P/2  x öb2  :;  ll,7Uu 

a-L'76Ü lbs. 

■/■ioit;  Jraj  load ■ A  x q 

•c t: 1   rotor load «  30,0-0 +   C^/iiu +   ?SG «  40GS5  lbs. 

'.. i .:r P/L - 

■tor C^V 

."IF x  SSO «   oG0(.   :•  tiO    =   .i4b 

40,686 10.46 
if K  e/2 x S3 20(100) 2 

» 
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REPORT 1904 

MODE!  73 

From  lA'-A c .arts  at 1/L •   .ÖU,   ,v}:lc.    is  pemiasible,   air.co  (.o/L)u  varies 

but  little vdth ;v/L  cr.an.re iri  trie lev  advance  ratio  ran=o.     (.Soe  rei'ero:.c-   ',.:.''i) 

(:: '^'1 0 » .1205 

(E /L)i 3 .2355 

(D /L)j = .03 20 

(D ^P 9 .0059 

L .vAO B .0275 
7571? « (D/L)TOI At- 

('./.}o "   •a43(' -  •4214 -   .4266 

f;i:,Li:3 =   ^266 x 4Ü686 x 105 = 3320 
550 

I,/a  -  3320 x 33000 =  3ü50 ft.A.iii 
iSOoUU 

which  Ci.ü.;ks  ti.e  asyuiaed  v-'lae of 3640 ft./rain. 

• 1.7    Propeller propulsion reaximun rate  of cliaib 

Excess horsepo-.ver at 140 knots *  1680 

(Reference figure 9.) 

Therefore,  p./c -  1680 x 33000 -  1350 ft./mir.. 
30000 
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MODEI 11— 

8.1.3     ..<JY\^<1 fuel  lo.. :     .led   tion 

The  calculated   uotul I'JOI load  require.icnts  of  the    odel  73  consiat 

of the  followi». .: 

a. 15 ^T.inut  -z at n )r.3:il   rated penvor 

(1)     2 i:._'iui.jj lu/rii,; 

(?;     10 uinutos  at  lUC-knot oruisi';,;; 

b. IUL—rräle Go;..b;t  mcias  at ends:  speed  of 2?.i) knots 

c. ICT    reserve 

d. 5    incr  L-SS i-    ull   "S)   for cervict,'   variation 

ov:,-rirv   r'jol  raquirod *  6V7U lus./ r.     (Corservative osti iato   .'"ror. 

reference  ■'•-•; 

Turbu-proL  f :ol  re • .1 red  »  2873  lbs. l.r.     (roi'eronco  i.S) 
(normal  rat- d  ptn,';;r) 

Turbo-pro^' fuel  roquired  -  2f'lÜ Ibc.  r.r.     (reference  f,.;-) 
(at ends«; herü ■; cvor) 

15 minutes  •.vt rm-up 

6770 r  l.Ofj 
m 

237  lbs. 

2876   :-   1.05 x 1^     =0 54   lb.;, 

100-inilo  crdse radius at n2ü knots 

SrlO x 1.05 x 200 •  2490 lbs. 
T2J 

lOfi reserve 

TOTAL 

y; 1; s. 

lbs. 
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